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MOS TRANSISTOR WITH HIGH-K SPACER
DESIGNED FOR ULTRA-LARGE-SCALE
INTEGRATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a MOS transistor with a high-K
spacer designed for ultra-large-scale integration, and, more
particularly, to a MOS transistor having shallow source/
drain extension regions to minimize short-channel effects.

2. Description of Related Art

Attempts continue to shrink the dimensions of MOS
transistors. Devices having sub-micrometer dimensions per-
mit closer placement of devices thereby increasing the
density of devices on a chip and their operating speed.

As the size of MOS transistors decreases, the distance
between the source and drain wells of a transistor, 1.e.,
channel length, also decreases thereby subjecting the tran-
sistor to what 1s called “the short-channel effect.” As the
cifective channel length of a transistor shrinks below about
0.10 micron, electrical effects begin to reduce the threshold
voltage and increase leakage current of the device which
eventually make the transducer useless.

One approach to minimizing the short-channel effect has
been to make the depth of the channel between the source
and drain shallow relative to its length. Generally this 1s
done 1n one of two ways. One way 1s to raise the source and
drain above the surface of the silicon substrate. Another way
1s to create extensions of the source and drain wells that are
shallower in depth than the source and drain wells. These
shallow extensions allow the formation of a channel
between the extensions that 1s shallower than would other-
wise occur. One way to create shallower drain and source
extensions 1s by 1on implantation.

Creating shallow drain and source extension regions by
lon 1mplantation 1s very difficult. At conventional 1implan-
tation energy, those 1ons are driven deep imto the silicon
thereby forming a deep channel. If the 1implantation energy
1s reduced to keep the 1mplant shallow, the individual 1ons’
clectrical fields repel one another thereby scattering and
diffusing the implant which 1s undesirable.

Another approach has been to use cluster 1on-beam
implantation. At the Kyoto University i Japan, 1t was
reported that a beam of B, H,, 1ons were implanted at 2
KeV with a dose of 10'“ ions/cm?. It was reported that by
using cluster 1on-beam implantation, a shallower channel
resulted. It was reported that cluster 1on-implantation cre-
ated a functioning p-channel MOS ftransistor with a 40
nanometer gate, however, the device showed some threshold
degradation as a result of the short-channel effect. A 50
nanometer transistor was reportedly built using the same
technique and exhibited reportedly good gain and 0.4
mA/micron current.

In order to minimize or eliminate short-channel effects of
devices created for ultra-large-scale-mtegration, it 1s desir-
able to provide a MOS transistor having the depth of the
channel region shallower than 40 nanometer.

It 1s thus desirable to provide a transistor that provides
acceptable 1immunity to short-channel effects that can be
utilized 1n ultra-large-scale integration. It 1s also desirable to
provide a method for fabricating such a transistor.
Furthermore, 1t 1s desirable to provide a transistor that has a
source/drain extension depth of less than 40 nanometers.

SUMMARY OF THE INVENTION

Advantages of the present invention will become apparent
upon consideration of the following detailed description of
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the presently preferred embodiments of the invention
together with the accompanying drawings.

According to one aspect of the invention, there 1s pro-
vided a MOS transistor comprising a source well located in
a substrate, a drain well located 1n the substrate, a channel
located 1n the substrate between the source and drain wells
wherein the channel separates the source and drain wells, a
source extension located 1n a portion of the channel adjacent
to and coupled with the source well wherein the source
extension has a thickness less than 40 nanometers, a drain
extension located 1n a portion of the channel adjacent to and
coupled with the drain well wherein the drain extension has
a thickness less than 40 nanometers, and a gate disposed on
the surface of the substrate located over the channel.

According to a second aspect of the 1nvention, there 1s
provided a method of making a MOS ftransistor, the method
comprising the steps of forming a gate stack on a surface of
a substrate, forming an oxide spacer on sides of the gate
stack, depositing a layer of high-K dielectric material over
the gate stack and the surface of the substrate, reducing the
thickness of the layer of high-K dielectric material to less
than the thickness of the gate stack to expose a portion of the
cgate electrode material such as polysilicon, removing the
exposed portion of the high-K dielectric and oxide spacer,
depositing polysilicon over the gate stack and the layer of
high-K dielectric material, removing a portion of the poly-
silicon to form a T-shape gate and removing a portion of the
high-K dielectric material outside of the gate.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings referred to in this description should be
understood as not being drawn to scale except it specifically
noted. Moreover, the drawings are intended to 1llustrate only
onc portion of an integrated circuit and its fabrication
according to the present 1nvention.

FIG. 1 1s a cross-sectional view of a partially formed
MOS transistor according to a preferred embodiment of the
present 1nvention.

FIGS. 2—5 are cross-sectional views of a MOS transistor
fabricated according to a preferred embodiment of the
present 1nvention at various stages of fabrication.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Reference 1s now made 1n detail to a specific embodiment
of the present invention. Like reference numerals refer to
like elements throughout.

FIG. 1 1s a cross-sectional view of a partially formed
MOS transistor according to a preferred embodiment of the
present invention. Conventional items such as the gate,
source and drain connections have not been shown 1n order
to avoid obscuring the invention.

The transistor 10 includes a substrate 12, a first well 14
that will form a drain (hereinafter “the drain well 147), a
second well 16 that will form a source (hereinafter “the
source well 16”) a gate structure generally referred to by
numeral 20. That gate structure 20 includes an oxide layer
18, an oxide spacer 19, a spacer layer 22, and a layer of
polysilicon 21. A drain connection (not shown) will be
coupled to the drain well 14, a source connection (not
shown) will be coupled to the source well 16, and a gate
connection (not shown) will be coupled to the gate structure
20 as 1s well known to those of ordinary skill in the art and
thus need not be further described herein.

The MOS transistor 10 1s an enhancement-type transistor
which requires a channel to be created under the gate region
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20 1n order for current to flow from the drain well 14 to the
source well 16. For example, for a p-type substrate with
n-type drain and source wells, an n-type channel 1s created
by applying a positive voltage to the gate structure 20. Such
a positive voltage at the gate attracts electrons from the
substrate and causes them to accumulate at the surface of the
substrate beneath the oxide layer 18. To attract a sufficient
number of electrons to form an n-channel, the voltage at the
gate has to be equal to or greater than a threshold voltage V.
The channel couples the source and drain wells. For a n-type
substrate with p-type drain and source wells a negative
voltage either equal to or greater than a threshold voltage 1s
applied to the gate region 20 in order to create a p-type

channel.

As discussed 1n the background section, as the size of
MOS transistors decrease, the channel length between the
cgate and drain wells also decreases. Typically the drain and
source wells are relatively deep having a thickness of larger
than about 150 nanometers. Such deep source and drain
wells, however, subject the transistor to short-channel
cifects which 1s undesirable. It 1s desirable to provide
shallow extensions from the deeper drain and source wells
in order to allow the formation of a shallow channel. The
present 1nvention allows very shallow drain and source
extensions to be created which minimizes undesirable short-
channel effects.

As previously described, formed on the surface of the
subtrate between the source and drain wells 1s the gate
structure 20. The gate structure 20 includes an oxide layer
18, a spacer layer 22 and a layer of polysilicon 20. In a
preferred embodiment, the spacer layer 22 1s formed of a
high-K dielectric material such as TiO, or Ta,O., for
example. The oxide layer 18 preferably has a thickness
ranging from about 2 to about 3 nanometers, the oxide
spacer 19 has a thickness ranging from about 3 to about 5
nanometers, the spacer layer 22 has a thickness ranging from
about 80 to about 150 nanometers and the polysilicon layer
20 has a maximum thickness ranging from about 100 to
about 250 nanometers.

Because a high-K dielectric 1s used for the spacer layer 22
its equivalent electrical thickness 1s much smaller compared
to the gate oxide 18. Parasitic transistors 1n spacer regions
B1 and B2 thus have a much lower threshold voltage than
transistor 10 and will be turned on before the transistor 10
1s turned on. The parasitic transistors B1 and B2 are
designed to operate at depletion mode, 1.€., the drain and
source extensions 23, 24 under the spacer layer 22 are
deeply inverted even when the gate voltage 1s zero. When
cgate voltage 1s raised to the threshold voltage of the tran-
sistor 10, the silicon surface of transistor between extensions
23,24 becomes 1nverted and the channel between source and
drain 1s formed allowing current to flow from drain well 14
to the source well 16. Because the silicon surface under the
spacer layer 23 1s deeply inverted when no voltage 1s applied
to the gate, those regions act as extensions of the drain and
source wells 14, 16, respectively. The drain and source
extensions 23, 24 have a much shallower depth as compared
with conventional 10on 1implanted extensions. The shallower
extensions 23, 24 provide superior immunity to short-
channel effect.

The operation of the MOS transistor 10 1n FIG. 1 will now
be described followed by a description of a method of
fabricating such a transistor. In the transistor show 1n FIG.
1, a shallow drain extension 23 (shown in dotted line) is
formed adjacent to and coupled to the deeper drain well 14
and a shallow source extension 24 (shown in dotted line) is
formed adjacent to and coupled to the deeper source well 16.
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The shallow drain and source extensions 23, 24 are created
by the spacer layer 22. When a voltage that 1s equal to or
oreater than the threshold voltage 1s applied to the gate of the
transistor 10, a shallow channel 26 (shown in dotted line) is
created.

The very thin oxide spacer 19 on the side-wall of the
polysilicon gate 21 prevents possible fringing electrical field
cifect on the sides of the gate.

The method of fabricating the transistor 10 shown m FIG.
1 will now be described with reference to FIGS. 2-5. First,
a gate stack including an oxide layer 18 and polysilicon gate
20 1s formed on the substrate 1n a conventional manner and
thus need not be described 1n detail herein. Next a very thin

oxide spacer 19 1s formed on the sides of the polysilicon gate
20 by conventional spacer formation techniques. Then a

layer of high-K dielectric 22 1s deposited over the gate 20
and top surface of the substrate. Preferably the layer of
high-K dielectric 1s deposited by sputtering at a temperature
lower than 500° C. Other deposition methods may be used

such as chemical vapor deposition. The high-K dielectric
layer 22 1s formed preferably to a thickness of about 80 to

about 150 nanometers resulting 1n the structure shown 1n
FIG. 2.

Next the thickness of the dielectric layer 22 1s reduced by
chemically-mechanically polishing it to the same thickness
as the gate stack. A wet etch 1s then performed to further
reduce the dielectric layer below the gate stack so that the
cgate electrode 1s exposed and the oxide spacer that extends
above the dielectric layer 1s removed by conventional meth-
ods resulting 1n the structure shown i FIG. 3.

More polysilicon 1s then deposited preferably by employ-
ing low pressure chemical vapor deposition (LPCVD) at
650° C. Portions of the deposited polysilicon are etched
away by well known spacer formation techniques to form a
T-shaped polysilicon gate as shown 1n FIG. 4.

Next the layer of dielectric material 22 outside of the gate
region 1s etched away anisotropically by a dry etch. Then the
drain and source wells 23, 24 are formed by 10on 1implantation
as 1s well known to those of ordinary skill in the art resulting,
in the structure shown 1n FIG. 5. Metal contacts are made to
the gate 20, drain and source wells by well known tech-
niques.

The foregoing description of the preferred embodiments
of the present invention has been presented for purposes of
illustration and description. It 1s not intended to be exhaus-
five or to limit the mvention to the precise form disclosed.
Many modifications and variations will be apparent to
practitioners skilled 1n the art. It 1s possible that the mven-
fion may be practiced 1n other fabrication technologies in
MOS processes.

Similarly, any process steps described might be iter-
changeable with other steps 1n order to achieve the same
result. The embodiments were chosen and described in order
to best explain the principles of the invention and its
practical application, thereby enabling others skilled in the
art to understand the mnvention for various embodiments and
with various modifications as are suited to be particular use
contemplated. It 1s intended that the scope of the mvention
be defined by the claims appended hereto and their equiva-
lents.

What 1s claimed 1s:
1. A MOS transistor comprising:

a source well and a drain well formed 1n a semiconductor
substrate and defining a channel therebetween;

a gate stack including a gate oxide formed on a surface of
the semiconductor substrate over a portion of the

channel and a gate on the gate stack; and
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a first spacer positioned on the surface of the semicon-
ductor substrate on a source side of the gate stack over
a source extension region 1n the channel between the
source well and the gate stack 1n the semiconductor
substrate and a second spacer positioned on the surface
of the semiconductor substrate on a drain side of the
gate stack over a drain extension region in the channel
between the drain well and the gate stack in the
semiconductor substrate, the first spacer and the second
spacer being formed of a relatively high-K dielectric
material to invert the surface of the semiconductor
substrate 1n the source extension region and the drain

extension region even when no voltage 1s applied to the
gate stack of the MOS transistor,

wherein said gate 1s on said high-K dielectric material on

said source side and said drain side.

2. The MOS ftransistor of claim 1 wherein the gate stack
comprises a gate oxide and wherein the high-K dielectric
material has an electrical thickness much smaller than an
clectrical thickness of the gate oxade.

3. The MOS transistor of claim 1 wherein the high K
dielectric material comprises one of TiO, and Ta,O..

4. The MOS transistor of claim 1, wherein the inverted
surface of the semiconductor substrate forms the source
extension region and the drain extension region in the
channel adjacent the source well and the drain well, respec-
fively.

5. The MOS transistor of claim 1, wherein said gate
comprises silicon and overlaps a portion of the first spacer
over the source extension region and the second spacer over
the drain extension region to electrically invert the surface of
the semiconductor substrate at the source extension region
and the drain extension region when a normal operating
voltage 1s applied to the gate.

6. A MOS transistor comprising;:

a source well located 1n a substrate;
a drain well located 1n the substrate;

a channel located 1n the substrate between the source well
and the drain well wherein the channel separates the
source and drain wells;

a source extension region located in a portion of the
channel adjacent to the source well;
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a drain extension region located in a portion of the
channel adjacent to the drain well;

a gate 1including a gate oxide layer disposed on a surface
of the substrate and a polysilicon layer electrically
1solated from channel by the gate oxide layer, the gate
being located over a portion of the channel between the
source extension region and the drain extension region;
and

a spacer layer disposed on the surface of the substrate on
a source side and a drain side of the gate, the spacer
layer being formed of a high-K material to have an
equivalent electrical thickness less than an electrical
thickness of the gate oxide layer so that the surface of
the substrate in the source extension region and the
drain extension region 1s mverted when no voltage 1s
applied to the gate,

wherein said polysilicon layer 1s on said high-K material

on said source side and said drain side.

7. AMOS transistor according to claim 1 wherein the gate
includes a layer of polysilicon disposed on a thin layer of
oxide on the surface of the substrate over the channel, the
thin layer of oxide forming the gate oxide layer.

8. A MOS transistor according to claim 7 further com-
prising an oxide spacer located between the spacer layer and
the layer of polysilicon.

9. A MOs transistor according to claim 7 wherem the
spacer layer has a thickness ranging from about 80 nanom-
eters to about 150 nanometers.

10. A MOS transistor according to claim 1 wherein said
spacer layer 1s a high-K dielectric.

11. A MOS ftransistor according to claim 1 wherein the

drain and source extensions have a thickness less than 30
nanomefters.

12. A MOS transistor according to claim 1 wherein the
drain and source extensions have a thickness less than 20
nanomefters.

13. A MOS transistor according to claim 1 wherein the
source and drain extensions are depletion regions in the
substrate.
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